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Abstract 
Nantun coalmine lies in the south of Yanzhou Coalfield which locates in Jining city, Shandong province, China. In 
order to correctly understand hydrogeological characteristics of Ordovician limestone aquifer, utilize boreholes in 
roadway to put on large discharge and large drawdown blow down dewatering test. In the dewatering test, regularly 
collection water sample of Ordovician limestone aquifer and testing hydrochemistry parameters. Research results 
show that, the hydrochemistry type of Ordovician karst water are single, displaying typical karst water quality feature, 
and also show that the condition of Ordovician karst’s water cycle alternative is poor. On the whole the water quality 
changes of Ordovician limestone are small, mainly because of in the middle-shallow and deep of Ordovician karst 
water are interblended in the outlet. During the entire dewatering process the water quality of Ordovician limestone 
and the upper NO.14 limestone are greater difference. These show the poor relation of the two limestones, the rocks 
between the NO.14 limestone and Ordovician limestone has better water resistance and safety mining of lower group 
coal. 
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1. Foreword 
Yanzhou Coalfield is located in Jining city, Shandong Province, China. The annual production of coal 
reaches tens of millions of tons [1]. With the exhaust of the up-group coal seams which was in better 
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conditions, more and more coalmines will mine the under-group coal seams. And the main aquifer which 
was threat to the safety mining of the under-group coal seams was lower Ordovician limestone aquifer. 
Correct understanding of the hydrogeological conditions of Ordovician limestone was the premise to 
ensure the safety mining of the under-group coal seams, large discharge and large drawdown dewatering 
test can be fully exposed the hydrogeological conditions of the aquifer, it is significant to the 
understanding of the aquifer’s hydrogeological conditions. In this paper, through deep Ordovician 
limestone group drilling pumping test in Nantun coalmine, and the dynamic observation of water quality 
characteristics in the process of dewatering test for Ordovician limestone aquifer, providing the basis for 
correct understanding of the hydrogeological conditions of Ordovician limestone. The formation of 
chemical composition of water is the long-term interaction result between water and formation, it contains 
many information such as the history of groundwater and formation in many areas, and it is an important 
basis to analyze the supply and drainage conditions of groundwater [2-4]. The evolution analysis of 
groundwater quality under the conditions of human interference is one of the main researches. P.H. 
Huang [5] (2010) has systematic studied the chemical characteristics of water in Jiaozuo mine. L.Q. 
Zhang [6] (2011) combined karst groundwater system with hydrogeochemical characteristics, and 
analyzed its indicative significance. The subject of the characteristics of changes in water quality when 
there is large discharge and large drawdown dewatering test for underground coring has not been reported.  
In this report, we collect the water sample from the lower Ordovician limestone and take quantitative 
testing and analysis about the eight ions ( Fe2+、Fe3+、F- etc.).Through these ways, we not only ascertain 
the chemical characteristics of Ordovician limestone during dewater test process, but reveal the change 
law of aquifer in Ordovician limestone. The study will provide a scientific basis for us to understand the 
hydrogeological condition correctly. 
2. General situation of Nantun coalmine 
Nantun coalmine, affiliated with Yanzhou Coal Mining Co., Ltd, is a large-sized coalmine, with the 
piedmont alluvial plain geomorphic type, it varies in ground elevation from 40 to 63 m. Nantun coalmine 
is located in the south wing of the Yanzhou syncline and the overall structure was monoclinal structure. 
Major coal-bearing strata are the Carboniferous - Permian strata, with the base for the Ordovician 
limestone and coal measures on top covered with purple-red sandstone of the Upper Jurassic and thick 
Quaternary. 
The main acquifers of Nantun coalmine, affecting mine production from top to bottom, are the 
Quaternary’ lower group sand, Jurassic sandstone, sandstone on the roof of the NO.3 coal seam, NO.3 
limestone, lower NO.10 limestone, NO.13 limestone, NO.14 limestone and Ordovician limestone. All 
acquifers accept the penetration supply of pore water from the bottom of the Quaternary and are storage-
based except Ordovician limestone. Ordovician limestone, strong water abundance and great water 
pressure, is the main acquifer affecting the under-group coal seams production. 
Ordovician limestone, with thickness from 450 to 750m, mainly gray white to gray, light brown gray 
limestone, argillaceous limestone, mudstone, aphanitic structure, quality of pure, dense, brittle, regional 
fracture developed and regional caves and corrosion cracks, is corrosion fissures confined water. In 
Ordovician limestone, which specific capacity from 0.0006 to 0.506433L/s∙m and kind of water yield 
property from very weak to moderate, the permeability coefficient from 0.000343 to 2.093m/d, showing 
clearly the non-homogeneous and anisotropic characteristics. 
3. Water sample collection 
3.1. General situation of dewatering test  
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There were 16 boreholes of Ordovician limestone in Nantun coal mine (including 7 boreholes in 
underground and 9 boreholes in ground). Using five boreholes (the NO.O2x-1,O2x-2,O2x-3,O2x-6 and O2x-7 
borehole)  proceed to dewater in order to get the big cone of depression and other boreholes sever as 
observation boreholes. Dewater borehole cross-section plotting in Fig.1. 
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Fig.1. Dewater boreholes cross-section plotting 
The full range Ordovician limestone group boreholes dewatering test had began at 12, on May 6, 2008 
and ends at 12, on May 25, 2008, taking 19 days. The process of dewatering test contained three stages: 
initial dynamic observation of groundwater, official start of dewatering and observation of water level 
recovering. The group boreholes dewatering test contained three down processes and multipled draining 
borehole form the groundwater disturbing flow field (see Table 1). Get the water flowage of each 
borehole in every down process in Table 2, Table 3 and Table 4. 
Table 1. Partition of dewatering test process  
Stage  Initial stage 
Formal dewatering stage 
Water recovery 
stage The first down 
processes 
The second down 
processes 
The third down 
processes 
Time From 12:00 ,May 6 to 12:00 ,May 9 
From 12:00 ,May 9 to 
10:00 ,May 14 
From 10:00 ,May 14- 
to 10:00 ,May 18 
From 10:00 ,May 18 
to 10:00 ,May 22 
From 10:00 ,May 18 
to 10:00 ,May 22 
Contents 
Systemic Water 
Level 
Observation 
Dewater, Water Level 
Observation, water 
flowage was 
155.5m3/h 
Dewater, Water Level 
Observation, water 
flowage was 
127.3m3/h 
Dewater, Water 
Level Observation, 
water flowage was 
85.5m3/h 
Water recovery 
simultaneous 
observation 
Table 2. Water flowage of every borehole in the first down processes 
NO. O2x-1 O2x-2 O2x-3 O2x-6 O2x-7 Total 
Thickness of Ordovician 
Limestone in Drilling(m) 98.68 74.00 70.50 50.00 36.62 \ 
Buried depth (m) 617.26 597.0 586.91 734.76 701.44 \ 
Drawdown (m) 422.37 392.81 453.55 450.16 438.79 \ 
Water flowage (m3/h) 7.7 29.9 36.1 15.5 66.3 155.5 
Table 3. Water flowage of every borehole in the second down process 
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NO. O2x-1 O2x-2 O2x-3 O2x-6 O2x-7 Total 
water flowage (m3/h) 7.7 23.3 29.7 15.5 51.1 127.3 
Table 4. Water flowage of every borehole in the third down process 
NO. O2x-1 O2x-2 O2x-3 O2x-6 O2x-7 Total 
water flowage (m3/h) 7.7 15.4 19.7 12.2 30.5 85.5 
 
3.2. Water sample collection 
Discharge boreholes were the central point of release and the prominent flow area of Ordovician karst 
water. Water quality change reflected the runoff and drainage characteristic and it’s easy to take sample 
from water outlet, so arranging water sample collection in it. Each draining borehole collected one water 
sample in each down process, five draining boreholes collecting 3 groups and 15 water samples in all. 
Collected the first group water sample in the first day, i.e., May 9, from the dewatering test when 
observing the limpid gushing water, collected the second group water sample in the first day of the 
second down process, i.e. May14;collected the third group water sample the day before the third down 
process ending, i.e. May21. 
Water samples were sent to Shandong Lunan Geological Engineering Investigation Institute Soil and 
Water Test Center to test water quality. The method of water quality analysis was full analysis, and the 
analysis indexes contain the main anions and cations, hardness, acidity, pH value and CO2 etc (see Table 
5 and Table 6). 
4. Change characteristic of Ordovician karst water 
4.1. General change characteristic of Ordovician karst water  
We took samples and laboratory test to water quality while carrying out this drain-experiment and got 
quality material of Ordovician karst water (see Table 5 and Table 6). From the analysis of water quality 
material, the mineralization of Ordovician karst water was higher which changed from 2754.78 mg/L to 
3305.40 mg/L and averages about 3000mg/L; total quantity of dissolved solid changes from 2650.87 
mg/L to 3195.65mg/L and averages about 2890mg/L; the total hardness of water changes from 1648.12 
mg/L to 2204.77mg/L and averages about 1920mg/L; The mainly cation was Ca2+ which accounts from 
53.55% to 75.58% and averages 61.32%;next was Mg2 +which accounts from 14.49% to 27.48% and 
averages 24.28%;and the Na+ accounts from 8.76% to 19.51% and averages 13.08%.The mainly anion 
was SO42- which accounts from 84.28 to 86.42% and averages 85.79%;next is HCO3- which accounts from 
6.94% to 8.40% and averages 7.80%; the Cl- accounts from 5.37% to 7.09% and averages 6.03%; the 
content of F- varies from 2.6 to 3.75mg/L and averages 3.09mg/L. The water quality type was SO42--Ca2+ 
and SO42--Ca2+·Mg2+. The quality material of Ordovician karst water shown typical karst water 
characteristics and shows the worse circular permutation condition of Ordovician karst water. According 
to the Quality Standard for Groundwater(GB/T14848-93)[7], the kind of Ordovician karst water was the 
5th which was not suitably to drink. 
Table 5. Results of water quality of Ordovician limestone aquifer 
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Date NO. 
Major ions 
Units 
Cation Anion 
K+ Na+ Ca2+ Mg2+ NH4+ Fe3+ Fe2+ Total Cl- SO42- HCO3- CO32- F- NO2- NO3- PO43- Total 
5-9-2008 
O2x-1 
mg/L 15.96 104.40 585.29 143.41 0.25 <0.08 0.00 849.31 114.52 1843.83 229.07 0.00 3.25 <0.008 0.24 <0.04 2190.92 
meq% 0.89 9.88 63.53 25.67 0.03   100.00 7.09 84.28 8.24  0.38  0.01  100.00 
5-14-2008 
mg/L 15.96 104.40 581.80 148.18 0.25 0.35 0.00 850.93 116.64 1901.45 222.71 0.00 3.00 <0.008 0.36 <0.04 2244.16 
meq% 0.88 9.83 62.83 26.39 0.03 0.04  100.00 7.05 84.79 7.82  0.34  0.01  100.00 
5-22-2008 
mg/L 15.96 105.00 576.99 153.22 0.62 0.10 0.00 851.88 112.41 1990.50 203.62 0.00 2.80 <0.008 0.43 <0.04 2309.76 
meq% 0.88 9.84 62.03 27.16 0.07 0.01  100.00 6.59 86.15 6.94  0.31  0.01  100.00 
5-9-2008 
O2x-2 
mg/L 19.57 163.20 480.82 129.36 3.00 <0.08 0.00 795.96 86.63 1718.11 209.98 0.00 2.88 <0.008 0.24 <0.04 2017.85 
meq% 1.18 16.74 56.58 25.10 0.39   100.00 5.84 85.55 8.23  0.36  0.01  100.00 
5-14-2008 
mg/L 20.20 182.40 461.15 120.61 3.50 0.28 0.00 788.15 84.94 1665.73 203.62 0.00 3.00 <0.008 0.24 <0.04 1957.54 
meq% 1.24 19.07 55.32 23.86 0.47 0.04  100.00 5.90 85.47 8.22  0.39  0.01  100.00 
5-22-2008 
mg/L 19.57 175.00 450.23 135.19 4.50 0.08 0.00 784.57 84.94 1718.11 206.17 0.00 2.80 <0.008 0.04 <0.04 2012.06 
meq% 1.19 18.14 53.55 26.51 0.59 0.01  100.00 5.75 85.80 8.10  0.35  0.00  100.00 
5-9-2008 
O2x-3 
mg/L 20.00 187.20 461.15 120.61 2.50 <0.08 0.00 791.47 79.03 1686.68 209.98 0.00 3.00 <0.008 <0.10 <0.04 1978.70 
meq% 1.23 19.51 55.15 23.78 0.33   100.00 5.44 85.77 8.40  0.39    100.00 
5-14-2008 
mg/L 20.20 175.20 469.90 123.26 2.50 0.28 0.00 791.34 82.83 1691.92 209.98 0.00 3.25 <0.008 0.16 <0.04 1988.15 
meq% 1.23 18.20 55.99 24.22 0.33 0.04  100.00 5.67 85.55 8.36  0.42  0.01  100.00 
5-22-2008 
mg/L 18.51 168.75 463.34 132.54 4.50 <0.08 0.00 787.64 84.52 1843.83 216.80 0.00 2.70 <0.008 0.04 <0.04 2144.89 
meq% 1.12 17.44 54.93 25.91 0.59   100.00 5.37 86.42 7.89  0.32  0.00  100.00 
5-9-2008 
O2x-6 
mg/L 20.20 98.40 551.20 148.98 1.00 <0.08 0.00 819.77 86.21 1833.35 209.98 0.00 3.50 <0.008 0.24 <0.04 2133.29 
meq% 1.16 9.59 61.65 27.48 0.12   100.00 5.50 86.30 7.78  0.42  0.01  100.00 
5-14-2008 
mg/L 20.20 106.80 646.49 82.44 0.88 0.20 0.00 857.01 85.79 1838.59 209.98 0.00 3.50 <0.008 0.16 <0.04 2138.02 
meq% 1.17 10.49 72.88 15.32 0.11 0.02  100.00 5.46 86.36 7.76  0.42  0.01  100.00 
5-22-2008 
mg/L 18.72 108.00 546.39 145.26 0.62 0.12 0.00 819.12 86.63 1833.35 218.89 0.00 2.60 <0.008 0.12 <0.04 2141.60 
meq% 1.08 10.57 61.36 26.90 0.08 0.01  100.00 5.51 86.09 8.09  0.31  0.00  100.00 
5-9-2008 
O2x-7 
mg/L 20.20 99.60 740.91 86.15 <0.04 0.10 0.00 946.96 111.14 2011.45 208.71 0.00 3.50 <0.008 0.24 <0.04 2335.05 
meq% 1.06 8.86 75.58 14.49  0.01  100.00 6.45 86.13 7.03  0.38  0.01  100.00 
5-14-2008 
mg/L 20.20 98.40 633.81 151.10 <0.04 0.50 0.00 904.01 109.88 2011.45 208.71 0.00 3.75 <0.008 0.24 <0.004 2334.03 
meq% 1.06 8.76 64.70 25.43  0.05  100.00 6.38 86.17 7.04  0.41  0.01  100.00 
5-22-2008 
mg/L 17.87 105.60 627.26 155.07 0.62 0.10 0.00 906.52 113.68 2037.64 213.80 0.00 2.80 <0.008 <0.10 <0.04 2367.92 
meq% 0.93 9.35 63.68 25.96 0.07 0.01  100.00 6.51 86.08 7.11  0.30    100.00 
Table 6. Results of water quality of Ordovician limestone aquifer 
Date NO. 
Water hardness (mg/LCaCO3) Total 
dissolved 
solids(mg/L) 
TDS 
H2SiO3 
(mg/L) 
PH value 
CO2(mg/L) 
Water quality 
types 
Total 
Permanent 
hardness 
Temporary 
hardness 
Negative hardness 
Erosion 
Free 
5-9-2008 O2x-1 2051.97 187.85 3061.03 20.80 \ SO4-CaMg 
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1864.11 0.00 2941.69 7.1 23.00 
5-14-2008 
2062.88 
1880.25 
182.64 
0.00 
3111.99 
2996.74 
16.90 
7.1 
\ 
13.80 SO4-CaMg 
5-22-2008 
2071.61 
1904.63 
166.98 
0.00 
3177.24 
3071.83 
15.60 
7.2 
\ 
18.40 SO4-CaMg 
5-9-2008 
O2x-2 
1733.26 
1561.06 
172.20 
0.00 
2821.61 
2714.82 
7.80 
7.3 
\ 
9.20 SO4-CaMg 
5-14-2008 
1648.12 
1481.14 
166.98 
0.00 
2754.78 
2650.87 
9.10 
7.1 
\ 
9.20 
SO4-Ca 
5-22-2008 
1680.87 
1511.80 
169.07 
0.00 
2804.43 
2699.55 
\ 
7.2 
\ 
18.40 SO4-CaMg 
5-9-2008 
O2x-3 
1648.12 
1475.92 
172.20 
0.00 
2780.56 
2673.17 
10.40 
7.2 
\ 
23.00 
SO4-Ca 
5-14-2008 
1680.87 
1508.67 
172.20 
0.00 
2791.19 
2683.49 
11.70 
7.1 
\ 
13.80 
SO4-Ca 
5-22-2008 
1702.70 
1527.37 
175.33 
0.00 
2941.63 
2832.63 
\ 
7.1 
\ 
18.40 SO4-CaMg 
5-9-2008 
O2x-6 
1989.75 
1817.55 
172.20 
0.00 
2969.96 
2861.07 
16.90 
7.1 
\ 
13.80 SO4-CaMg 
5-14-2008 
1953.74 
1781.54 
172.20 
0.00 
3015.83 
2906.04 
20.80 
7.1 
\ 
13.80 
SO4-Ca 
5-22-2008 
1962.47 
1782.96 
179.51 
0.00 
2972.42 
2860.27 
\ 
7.1 
\ 
27.60 SO4-CaMg 
5-9-2008 
O2x-7 
2204.77 
2033.62 
171.16 
0.00 
3305.40 
3195.65 
23.40 
7.1 
\ 
13.80 
SO4-Ca 
5-14-2008 
2204.77 
2033.62 
171.16 
0.00 
3261.44 
3151.68 
23.40 
7.1 
\ 
9.20 SO4-CaMg 
5-22-2008 
2204.77 
2029.44 
175.33 
0.00 
3209.04 
3179.54 
\ 
7.1 
\ 
27.60 SO4-CaMg 
 
From the water quality changes of the O2x-2 borehole in the course of drain(see Table 5 and Table 6), 
the concentration of ions which contacted with the water quality was basically stable and had a less 
change, the Ca2+  ion had big change and it’s content changed from 450.23 to 480.82mg/L;the content of 
Mg2+ ion changed from 120.61 to 135.19 mg/L while SO42-  ion changed from 1718.11 to 1665.73mg/L; 
the total dissolved solids started from 2821.61 mg/L to 2754.78 mg/L in medium, and lasted in 
2804.43mg/L, the characteristics of change was increased firstly and then decreased. This shown that the 
water nearby the boreholes and the water of upper part drained at the start, and it was mainly the shallow 
water, then the quantity of deep part water increased gradually following the drain, as a result, the total 
dissolved solids increased. 
4.2. Comparison of chemical characteristics of water of Ordovician limestone and the NO.14 limestone 
The NO.14 limestone above the average distance of 27.12 m in the Ordovician limestone, which 
lithology was mainly variegated mudstone, aluminum gray mudstone and rust-red iron mudstone, 
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sandwiched between thin-bedded limestone, the bottom of the iron mudstone strength. The NO.14 
limestone average thickness was 8.84m, The main types of water quality were HCO3-K+Na,HCO3-Na. 
Mg,HCO3-K,HCO3.SO4-K+Na,  salinity in range from 0.334 to 1.498g/L. Shown the main anion was 
HCO3- in the water of the NO.14 limestone. Ordovician limestone-based anion mainly was SO4, turn on 
the water all drain boreholes in the whole process of little overall change in HCO3,and the HCO3 of  the 
O2x-1 hole from 229.07 mg/L decreased to 222.71 mg/L (interim) to the end of 203.62 mg/L (late). Turn 
on the water during the Ordovician limestone although the water level dropped, but not by the top NO.14 
limestone water supplies. Description the NO.14 limestone with no hydraulic connection of Ordovician 
limestone, between two impermeable rock with good performance, this was good for bottom water barrier 
and mining the under group of coal safety. 
4.3. Feature of fluorine ion in Ordovician karst water 
Through water quality testing results, the average content of fluorine in the Ordovician karst water was 
3.09mg/L and at a higher level. The causes of formation of fluorine’s high level in Ordovician karst 
groundwater was nothing more than dissolving of primary stratigraphic trap or off-site sources [8]. 
Because Ordovician limestone was gray limestone and the main component was calcium carbonate and 
magnesium carbonate without fluoride, the fluorine in Ordovician karst water was from off-site sources. 
There was widely distributed granitic gneiss of Taishan Group of Presinian system in Gang Mount east of 
the coalmine. Granitic gneiss was mainly made up of alkali feldspar, quartz, biotite, amphibole and other 
minerals and small amounts of fluorite and apatite and metamorphic minerals [9]. Biotite and fluorite and 
apatite contain fluoride, and fluorine-containing minerals dissolved in water in weathering and leaching 
influence, and came into the Ordovician limestone aquifer after long-term geological movements, and 
raised content of fluorine in Ordovician limestone. 
5. Conclusions 
Ordovician karst water type was SO42--Ca2+ and SO42--Ca2+·Mg2+.Ordovician karst water quality data 
shown a typical karst water features, while indicated that alternating of the water cycle are in poor 
conditions.  
Ordovician limestone’s water quality changes were smaller in general during the dewatering. Mainly 
embodies in Ca2+,Mg2+,SO42- ion, total dissolved solids and total hardness, others changes small. Reasons 
of the change were shallow and deep Ordovician karst water mixed with each other during the process of 
the dewatering. 
During the entire dewatering process the water quality of Ordovician limestone and the NO.14  
limestone were greater difference, which shown the poor contact of the two limestones, the rocks between 
the NO.14 limestone and Ordovician limestone had better water resistance, in favor of barrier floor water 
and safety mining of lower group coal. 
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